Abstract-Under actual operating conditions, the yaw velocity of boom roadheader has direct influence on the efficiency and reliability of boom roadheader. The PID control method which uses neural network establish the intelligent control system of boom roadheader yaw, based on the MATLAB surface fitting technique, the relationship between the coefficient of coal and rock ƒ, the cutting depth B and the yaw velocity V is obtained. The optimal yaw velocity generation module is established by using Simulink neural network, through simulation and residual analysis, it is found that the maximum residual value of the yaw velocity and optimal yaw velocity is within the feasible margin, it can achieve the accurate tracking of yaw velocity to the optimal yaw velocity and the automatic control of roadheader.
I. INTRODUCTION
Boom roadheader is a combined unit, which enable cutting, loading, transporting, self walking and spray dust removing. With the comprehensive of actual mining face and the rapid development of coal mining mechanization, drivage speed of the coal mine is demanding higher and higher, the intelligent control of yaw velocity of the boom roadheader is the key [1, 2] . Cantilever longitudinal roadheader is the key equipment of the tunnel excavation, with the expansion of the scope of its application, in the face of all kinds of complex working environment, the performance of the roadheader is put forward higher requirements. As the main working form of the roadheader, yaw cutting has gradually become the focus of research. The simulation based on virtual prototype technology can be used to obtain the optimal yaw velocity according to the intelligent control of the yaw of roadheader in various conditions. It provides an effective method for the optimization design and intelligent control of roadheader.
II. THE OPERATIONAL PRINCIPLE OF BOOM ROADHEADER YAW

A. Basic Principle of Mechanical Structure of Yaw
The yaw mechanism of boom roadheader consists of cutting head, cantilever, rotary table and rotary hydraulic cylinder. As shown in Figure I , the position of cutting head can be changed by adjusting space position of cantilever when cantilever roadheader works, and through the expansion of both sides of rotating hydraulic cylinder to achieve the reversing of horizontal plane and the swing left and right [3] .
FIGURE I. YAW MECHANISM OF ROADHEADER'S BOOM
B. The Influence of Yaw Velocity on Cutting Performance
The yaw velocity has a very important influence on cutting performance of roadheader [4] . Taking a certain type roadheader cutting head as an example, the relationship between yaw velocity and maximum cutting area, theoretical productivity, maximum power consumption of cutting motor, maximum founder rate, maximum cutting resistance, cutting specific energy consumption is shown in the Figure II maximum cutting area, theoretical productivity, cutting resistance and power consumption of the cutting motor are approximately linear. In the process of increasing yaw velocity, with the increase of picks' cutting thickness, the cutting area is increasing, and the cutting shape is close to square, maximum rate of founder rises slowly; When it reaches the maximum value, it decreases with the increase of the yaw velocity, when the yaw velocity is greater than 1.4 m/min, the downward trend becomes faster; The cutting specific energy consumption shows a nonlinear decreasing change and the rate of change is decreasing. When the cutting motor power is selected, then, according to the cutting performance information provided in Figure II and Table Ⅰ to select a yaw velocity which can not only meet the requirements of the cutting motor power but also make the cutting resistance fluctuation coefficient, cutting energy consumption smaller, the founder rate, the larger cutting area.
III. GENERATION OF OPTIMAL YAW VELOCITY OF ROADHEADER
The internal structure of roadheader yaw system is complex, it is difficult to study in a simple and direct way. A variety of multi module library in MATLAB can be used to solve multi field joint simulation and control problems. As shown in Figure  , Ⅲ the surface fitting model of neural network is established by using surface fitting toolbox in MATLAB, the surface fitting of the yaw velocity, the strength coefficient of coal and rock and the cutting depth is realized. Taking the actual work of a model as an example, the working parameters were fitted by neural network surface fitting module, then the fitting curves of the yaw velocity, the strength coefficient of coal and rock and the depth of cutting are obtained. As shown in Figure , Ⅳ the horizontal coordinate is the strength coefficient of coal and rock ƒ, the ordinate is the cutting depth B, the Z direction is the yaw velocity V, Z(1)-Z(16) are fitting curves under corresponding parameters.
FIGURE III. NEURAL NETWORK FITTING MODULE FIGURE IV. NEURAL NETWORK SURFACE FITTING AND RESIDUAL GRAPH
Based on the residual analysis of the surface fitting residuals in Figure IV , the maximum residual value of yaw velocity and optimal yaw velocity is only 0.005m/min, the feasible margin of the maximum residual value of the yaw velocity and the optimal yaw velocity is defined as γ, (The feasible margin is equal to the ratio of the optimal yaw velocity to the absolute value of the difference between the yaw velocity and the optimal yaw velocity), when the feasible margin is less than or equal to 1/1000, it can be considered that the yaw velocity can accurately track the optimal yaw velocity, the accuracy of the fitting module is verified.
IV. THE ESTABLISHMENT OF INTELLIGENT CONTROL SYSTEM
A. Intelligent Motor Control System
The roadheader yaw mechanism is an integrated system of many fields, such as hydraulic, control, power electronic system, and so on. It has the characteristics of multi variable, nonlinear, dynamic and strong coupling [5, 6] . Because the work boring machine face has many complicated conditions, in order to improve the work efficiency, a set of intelligent speed control system should be introduced in the roadheader yaw system. Based on the reliable operation of the key parts of the roadheader, the aim of realizing the self adjustment of the yaw velocity with the change of the geological conditions at work could be achieved. As shown in Figure , Ⅴ when the excavator is working, the cutting depth B and coal firmness coefficient ƒ by fitting technique for generating neural network surface corresponding to the yaw velocity of V, V after a Gain translated into the ideal speed of oil pump motor speed n * ; at the same time, the pressure sensor is installed on the cutting teeth on the measured the cutting teeth of the instantaneous pressure F and actual yaw speed V to introduce "load -torque generation module" to generate the oil pump motor actual load torque TL. There are differences between output speed n and the ideal speed n * of the oil pump motor, both of them were introduced "ASR speed regulation module" then the ideal motor torque Te * is obtained. The IGBT of inverter could achieve the purpose of regulating motor speed by changing the frequency of the stator voltage on the motor. It can be seen from the formula (1) that the change of the speed of the oil pump motor will cause the change of the oil supply quantity of the hydraulic system, and then affect the expansion speed of the hydraulic cylinder V in order to achieve the purpose of controlling the yaw velocity of roadheader.
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Theoretical flow rate formula of single acting vane pump:
the axial width of the rotor is B ; Z is the number of blades; R is the inner surface of the stator; the eccentricity between the stator and the rotor is e.
B. Intelligent Control Based on PID
The cross cutting of roadheader is a very complicated process which is hard be described by a simply mathematical model and it is a typical multi parameter control system. Because of the mutual coupling between the motion parameters and the control parameters, it is difficult to determine the specific functions of each parameter in the control process, therefore, it is difficult to use the general method to control. Proportional, integral, derivative (PID) controlled by deviation controls are the actual production of the strongest vitality, the most widely used control methods [7] . In order to achieve the purpose that the yaw velocity of the rotary hydraulic cylinder is compatible with the working load, the cutting pressure F can be monitored in real time. When the F is changed, the speed of the oil pump motor n is adjusted in time to control the yaw velocity so as to achieve the purpose of intelligent control.
During the working process of the boom roadheader, the cutting head is driven by a cutting motor to rotate, cutting the coal and rock with the picks. And through the rotation and lifting hydraulic cylinder driven cantilever swing to achieving in cutting any position. When the roadheader is working, the cutting motor is in constant power state. Under normal circumstances, the greater the cutting resistance of coal and rock, the greater the need for cutting torque, the lower the yaw velocity of the cantilever [8] . In order to make the roadheader can realize the intelligent yaw, it is necessary to control the oil pump motor, the principle of the control system is shown in Figure . Ⅵ It can be seen from Figure Ⅵ that the intelligent control system consists of three parts: the detection device, the controller and the drive system. The detection device is a pressure sensor installed on the cutting teeth of the roadheader, and the pressure of the picks are monitored in real time. The detection signal is sent to the controller by the A/D converter after filtering. The driving system is composed by a frequency converter of controlling the speed of the oil pump motor. The control system is based on the control algorithm of the PID neural network, and the control parameters are sent to the frequency converter by the drive module, so that the oil pump motor can work at a proper speed. At the same time, the control system monitors the pressure state of the cutting gear in real time, and adjusts the speed of the cutter to adapt to the change of working conditions, so as to ensure the high efficiency and stable operation of the roadheader. 
C. Application of Intelligent Speed Control System Simulation
During the working process of roadheader, the cutting depth and the rock strength coefficient of coal rock will be changed, and the cutting depth and the coefficient of rock and rock strength will be kept constant in a certain condition. However, due to the inclusion of coal seam and coal gangue will make the coal rock strength coefficient of this important cutting parameters of the abrupt change, resulting in the change of the size of the cutting force and then affect the working conditions of the roadheader. Taking the condition of f=8, B=0.6m, in order to accurately reflect the influence of the change of coal rock solidity coefficient on the whole intelligent speed control system. The simulation of coal rock firmness coefficient ƒ is carried out, namely, using sine wave plus mutation signal and the benchmark coal rock coefficient of 8. The coal and rock strength coefficient curve after superposition is shown in Figure Ⅶ and the cutting depth remains unchanged as shown in Figure . Ⅷ The simulation parameters are fitted by neural network fitting model and the optimal yaw velocity of the roadheader is recommended as shown in Figure Ⅸ which is shown that the yaw velocity can reach the optimal yaw velocity quickly with the change of the coal rock solidity coefficient. In
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order to fully reflect the change of cutting parameters in the working process of the roadheader, the cutting depth is also simulated, and the simulation curve is shown in Figure . Ⅹ When the coefficient of rock strength and the depth of the coal are changed simultaneously, the yaw velocity curve is shown in Figure . Ⅺ It can be seen from the figure that the intelligent speed control system can achieve the purpose of adjusting the yaw velocity with the change of geological condition, it provides an important reference for the optimization design and intelligent control of roadheader. (1) The optimal yaw velocity generation module of roadheader is built by neural network surface fitting technique and the optimal yaw velocity is obtained, which realizes the purpose of intelligent adjustment the yaw velocity with the change of geological condition.
(2) Through the simulation analysis of the virtual prototype of a roadheader, it is found that the maximum residual value of yaw velocity and optimal yaw velocity is only 0.005m/min, it is of great practical significance for the research of mining automation to realize the accurate tracking of yaw velocity to the optimal yaw velocity.
